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SYSTEMS AND METHODS 
FOR PLACING MATERIALS INTO BOMB 
FIELD OF THE INVERT I ON 

The invention generally relates to the 
5 treatment of bone conditions in humans and other 
animals . 

BACKGROUND OF THE INVENTION 

Injection devices similar to a household 
caulking gun are used to inject bone cement into 

10 bone. A typical bone cement injection device has a 
pistol-shaped body, which supports a cartridge 
containing bone cement. A trigger actuates a spring- 
loaded ram, which forces a volume of bone cement in 
a viscous condition through a suitable nozzle and 

15 into the interior of a bone targeted for treatment. 

According to the teachings of U.S. Patent Nos. 
4,969,888 and 5,108,404, a cavity can be first 
formed by compacting cancellous bone inside the 
bone, into which the bone cement is injected. 

20 Conventional cement injection devices provide no 

opportunity to override the spring action and 
quickly terminate the flow of cement, should the 
cavity fill before the spring-actuated load cycle is 
completed. Furthermore, once the spring-actuated 

25 mechanism is triggered, conventional cement 
injection devices do not permit the injection volume 
or inject rate to be adjusted or controlled in real 
time, in reaction to cancellous bone volume and 
density conditions encountered inside bone. 

30 In a clinical procedure called 
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vertebroplasty, bone cenent 

pressure (typically, about 70Q " 

interior of a v. , P ' into the 

or a vertebral body, withom- 
formation of a cavitv n wltnout the praor 

used, there is BeCaU8e hi *« Pressure is 

accurately t^"^* * ^ « 

voice and density ^ 

generated by high pr ess ure- induced TJTT 
con tlnues to propel ^ intQ -ent 

site even aft^r- ^. yecea Done 

" arter termination of the h*«* 

tne nigh pressure 

required or desired. arena! is „ot 

-d f or ^LTl^T ^ *" « 

new systems and methods 

Serial into bones, with n £ZjZ^T° 
control, a faster r rate and volume 

», r; t Mrz.r ■ - — 

aPWARY OF THE TM^yppT^ 

The invention provides 
systems, and methods, which in inst ^ts, 
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bone. In particular, the markers allow the 
phyBician to tell at a glance the location of the 
terminus, in terms of how far beyond or short of the 
end of the subcutaneous path it is. 

In one embodiment, the instrument is used 
by deploying a cannula to establish a subcutaneous 
path into bone. A material is introduced into bone 
through the cannula. The terminus of the instrument 
is advanced through the cannula to urge material 
residing in the cannula into bone. 

Another aspect of the invention provides an 
apparatus for introducing material into bone through 
a subcutaneous cannula. The apparatus includes a 
delivery device to convey the material at a low 
delivery pressure. As used herein, a "low delivery 
pressure" is equivalent to the pressure at which 
liquid is expressed from 1 cc syringe by the 
application of moderate force to the syringe piston, 
which amounts to a pressure that is no greater than 
about 360 psi. 

According to this aspect of the invention, 
the apparatus also includes a nozzle instrument 
capable of advancement through the subcutaneous 
cannula into bone. The nozzle comprises a proximal 
fitting to couple the nozzle instrument to the 
delivery device. The nozzle further comprises a 
nozzle terminus through which the material conveyed 
by the delivery device enters bone at the delivery 
pressure. 

In one embodiment, the delivery device 
comprises a syringe. 

In one embodiment, the apparatus further 
includes a tamping instrument, which is capable of 
advancement through the subcutaneous cannula. The 
tamping instrument has a tamping terminus which, 
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cannula. trough the subcutaneous 

^srz^s:— i= — * 

nozzle terminus into bone. * thr ° Ugh 

Another aspect or ■ 
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expandable structure carried h * gi ° n 91,(5 an 

f* ^acting canceirurir^?? 1 ^ 
-eludes an introducer ~ Th * tool also 

the catheter tube for »» ■H«tably carried by 

Position spaced f ro ffl thr nt tetWeen * 

advanced pos !tio n 6XPan<Jable StrUCtU " and - 

position overlyina 

structure. The inf^n, expandable 

structure when the intro^JT^ 

advanced position. A coUa ! ^ is in the 

a-tal region or the ^ the 

introducer sleeve is in th e d ^ " h "» the 

-Uar is - 

>*» to releasably engag! I ***** 
Thus, the introducer sleeve LT ■ * 
t^ expandable structure fo ^ ^ aU ' ns 

cannula through the end of t^o^T* ^ ^ 

a subcutaneous cannula. The aDDa ! ^ thr ° U9h 
silvery device to convey tL T 3 
convey the material at a low 
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delivery pressure, i.e., a pressure no greater 'than 
about 360 psi. The apparatus also includes a nozzle 
instrument capable of advancement through the 
subcutaneous cannula into bone and comprising a 
proximal fitting to couple the nozzle instrument to 
the delivery device. The nozzle also includes a 
nozzle bore, through which the material conveyed by 
the delivery device enters bone at the delivery 
pressure. The apparatus further includes a stylet 
capable of advancement into the nozzle bore through 
the proximal fitting to close the nozzle bore and, 
with the nozzle instrument. Together, the nozzle 
and the stylet form a tamping instrument capable of 
advancement through the subcutaneous cannula to urge 
residual material from the subcutaneous cannula. 

Another aspect of the invention provides a 
method for delivering material into bone. The 
method deploys a cannula through soft tissue to 
establish a subcutaneous path into bone. The method 
introduces a material into bone through the cannula. 
The method advances a tamping instrument through the 
cannula to urge material residing in the cannula 
into bone. 

In one embodiment, the method delivers 
material at a low delivery pressure, i.e., a 
pressure no greater than about 3 60 psi. 

In one embodiment, the introducing step 
uses a manual syringe. 

The material can comprise medication or a 
material that sets to a hardened condition e.g., 
bone cement, or autograft tissue, or allograft 
tissue, or synthetic bone substitute, or 
combinations thereof. 

In one embodiment, the method further 
includes the step of deploying a cavity forming 
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convey material into the cavity. 

are set T, adVanta?eS ° f inVenti °- 

are set forth ln the following Description and 
Drawings, as well as in *w * ana 

the Wended Claims. 

DRflCRTWrnM ?r ^ 

Pig. 1 is a plane view of a kit housing a 
system of functional instruments, which, in Ze 
gam subcutaneous access to the inside of a boneto 
compact cancellous bone and forn a 
therapeutic purposes; * * 

the kit I' 9 ' 2 18 ^ eXPl0ded P ers P^ive view of 
tne Jcit shown in Pig. 1; 

Fig. 3 is a perspective view of th* 
part of the system shown in Fig. 1; 

^ " 3 perspeotive ^ew of the cavity 

toat foras a part - — 

tube of 'th' " " 3 SeCti ° n ViGW ° f tte Cathe *~ 
tube of the cavity forming instrument, taken 
generally along li„ e 4B-4B i„ Fig . 1; ' ^ 

emhoH- ! i9, 4C " ^ Vi6W 0f an alternative 

embodiment of the cavi**, 

Fia 4> h • 7 forBlln 9 instrument shown in 

^g. 4A, having a prebent stylet; 

m ^ . , Fi9 " 5 is a P^spective view of the 

part "f th lntr ° dUCin9 inStrU,Dent *-* forms a 

part of the system shown in Fig. i ; 

Figs. 6 and 7 are< respe ; t . ve 
side views of a human vertebral body; 

duri™ • Fi9 l. 8 " 3 tOP ViGW ° f a vertebral body 

Zu a ^ °' 3 SPinal needlE inSt — to 

began a bone access procedure; 
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Figs. 9 to 11 are top views shoving 
subsequent steps, after insertion of the spinal 
needle instrument shown in Fig. 8, of inserting a 
guide pin instrument into the vertebral body; 

Fig. 12 is a perspective view showing a 
subsequent step, after insertion of the guide pin 
instrument shown in Figs. 9 to 11, which deploys an 
obturator instrument deployed over the guide pin 
instrument with aid of a handle; 

Fig. 13 is a top view of the vertebral 
body, with the obturator instrument shown in Fig. 12 
deployed ; 

Fig. 14 is a perspective view showing a 
subsequent step, after insertion of the obturator 
instrument shown in Fig. 12, which uses the handle 
shown in Fig. 12 to aid in the deployment of a 
cannula instrument over the obturator instrument; 

Fig. 15 is a top view of the vertebral 
body, with the cannula instrument shown in Fig. 14 
deployed ; 

Fig. 16 is a perspective view showing a 
subsequent step, after insertion of the cannula 
instrument shown in Fig. 14, which removes the 
obturator instrument from the cannula instrument, to 
leave the cannula instrument and guide pin 
instrument in place; 

Fig. 17 is a top view of the vertebral 
body, after the obturator removal step shown in Fig. 
16, leaving the cannula instrument and guide pin 
instrument in place; 

Fig. 18 is a perspective view showing a 
subsequent step, after removal of the obturator 
instrument shown in Fig. 16, which uses the handle 
shown in Fig. 14 to aid in the deployment of a drill 
bit instrument through the cannula instrument along 
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the guide pin instrument; 

Pig. 19 is a top view of the vertebral 
body, as the drill bit instrument shown in Fig 18 

nto ep th : Yed ; ith aid of ^ handie to °^ * 

into the interior volume of the vertebral body; 

Fig. 20 is a perspective view showing a 
subsequent step, after reffloval of »■ J 

». of deployxng the cavity forming instrument J. 
the vertebral body; 

body as P i 9 " 21 " 9 VieW ° f toe vertebr.1 

body as the expandable structure carried by the 
cavity forming instrunent shQwn * 

ployed into the interior volume of the le rte brai 

Fig. 22 is a top view n-F ^ , 

u n/ , w ^ ^ View of the vertebral 

body, as the expandable structure shown in a 
collapsed condition in Fig 21 i = ma 
compact cancellous bone and 'form a «™ *" 

Pig. 23 is a top view of the vertebral 
body after removal of the expandable stru^e 
showing the cavity formed by compacting oancel ^ 

Pig. 24 is a perspective view of the 
syringe of the material introducing instrument 
group shown in Pig . 5 , ^ flu- ^ 

selected for introduction into the cavity shown in 
Fig. 25 is a perspective view of th* 

instrument group shown in Fig. 5; 

Pig. 26 is a perspective view showing the 
syringe and attached no 2z le shown in Fig. 25 Li^g 
ployed through the cannula instrument ' 
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preparation of introducing material into the cavity; 

Figs. 27 and 28 are perspective and top 
views, respectively, showing the syringe and 
attached nozzle shown in Fig. 26 in use to inject 
material into the cannula instrument for passage 
into the cavity; 

Fig. 29 is a top view of the vertebral body 
after a measured volume of material has been 
injected and the syringe and attached nozzle 
withdrawn from the cannula instrument; 

Fig . 3 0 is a top view showing the 
deployment of a tamping instrument, which forms a 
part of the material introducing instrument grroup 
shown in Fig. 5, being deployed in the cannula 
instrument ; 

Fig. 31 is a top view showing advancement 
of the taraping instrument in the cannula instrument 
to displace and distribute material from the cannula 
instrument into the cavity; 

Fig. 32 is a top view of the vertebral body 
after removal of the tamping instrument and cannula 
instrument, showing the cavity, now filled with the 
material ; 

Fig. 33 is a perspective view of a reduced 
diameter cannula instrument and associated reduced 
diameter material introducing instruments, which 
embody features of the invention; 

Fig. 34 is a perspective view of a cavity 
forming instrument having an expandable cavity 
0 forming structure, which, in use, is deployed using 

the reduced diameter cannula instrument shown in 
Fig. 33, the cavity forming instrument having a 
sliding introducer sleeve shown in its rearward 
position; 

5 Fig. 3 5 is a perspective view of the cavity 
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forming instrument shwn . n 

introducer sleeve moved forward to W J £ £ 
-press the cayity f ^ 

st ™ ^r^rr ^ cavi * 

sleeve (shown - r £ n y "; n ~ - 

coupled to the proximal end of A eCtl ° n) 
instrument, to guide i e ° annUla 
-pressed within^ ^TSTi 
"ameter cannula lns trument withouT dam^ 

Fig. 37 is a perspective view of the cavitv 
forming structure shown after th 

expandable structure h a<! w the 
in+^ secure has been guided by the 

introducer sleeve into the cannula instrument and^s 
being advanced through the cannula instrument for 
deployment in bone. 

The invention may be embodied in several 
witnm the meaning and ranup 

™- - —r" — - 

f UnCtl - f 19S ' 1 ai,d 2 Sh ° W 3 ***** 10 Of 

functional instruments, m use f 
of the sv ,f™ ,„ ' certain instruments 

to 21 7 T d6Pl0yed in 3 P^Poseful manner 

to penetrate tissue and gain subcutaneous access to 

of t r 3 b ° ne - InSidS l-tr^LS 

of the system 10 are deployed to form a cavitv L 
cancellous bone, into which a material i E Zo^\ll 
therapeutic purposes. Placed for 

10 is ^ iUUStrated Pediment, the systea 

arran9ed 88 a P-P-^ge kit „ in ^ 
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functional instrument groups 14, 16, and 18. The 
first group 14 (which Fig. 3 shows outside the kit 
12) comprises instruments whose purpose is to gain 
subcutaneous access to a bone interior. The second 
group 16 (which Fig. 4 shows outside the kit 12) 
comprises an instrument whose function is to create 
a cavity in cancellous bone. The third group 18 
(which Fig, 5 shows outside the kit 12) comprises 
instruments whose function is to introduce a 
material into the cavity. 

The kit 12 can take various forms. In the 
illustrated embodiment, the kit 12 comprises a 
sterile, wrapped assembly. 

Further details of each functional 
instrument group 14, 16, and 18 and the kit 12 
follow. 

I. The Subcutaneous Access Instrument 
Group 

The number and type of instruments in the 
group 14 can vary. Fig. 3 shows five representative 
instruments, each having a different size and 
function. 

A. The Spinal Needle and Guide Pin 

As Fig. 3 shows, one instrument comprises 
a conventional spinal needle assembly 20 and a guide 
pin instrument 26. 

In use , the spinal needle assembly 20 
establishes the initial subcutaneous path leading to 
the targeted treatment site. The guide pin 
instrument 26 is deployed through this path, 
followed by progressively larger instruments, as 
will be described later. 

The spinal needle assembly 20 comprises a 
stylet 22, which is slidably deployed within a 
stylus 24. The stylus 24 typically has, for example, 
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about an eleven gauge diameter oth.r 

by the S pi„ al needle a ! v L h 

the „ eedle st let 22 Xy b * exchange with 

S «ve S to J ide £ ^ ~ i~t 26 
operative pathway to the targeted 
the ground lnStrUWents 28, 30, and 32 'i„ 

^"^r u r™ esi aithough 
:rtr a - - ^ ~ 

-prises a„ e longa ted, cylindrical ' ^ 
proxzaal end 34 and . dista i end 36 . ^ haVlng 8 
B. The Obturator instrument 

ob tu , ™ e inStrUlnent 28 functions as an 
obturator. Its distal end 36 i= i- 

« th. proataa «■„,, 31 . ™ •*»•»«■» 

i-k« . from the distal end 36 to 

IT Pr ° Xlfflal End 34 • »» interior luaen 44 is 
to accomodate the guide p in instrUDlent ™ 
be descrxbed in greater detail later 
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C. The Cannula Instrument 

The instrument 30 functions as a cannula or 
guide sheath. The cannula instrument 30 is somewhat 
larger in diameter than and not as long as the 
obturator instrument 28. The cannula instrument 30 
includes an interior lumen 46 that extends from its 
distal end 36 to its proximal end 34. The interior 
lumen 46 is sized to accept the obturator instrument 
28. The size of the interior lumen 46 permits a 
physician to slide and rotate the cannula instrument 
30 relative to the obturator instrument 28, and vice 
versa, as will be described in greater detail later. 

The distal end 36 of the cannula instrument 
30 presents an end surface 48. In use, the end 
surface 48 of the cannula instrument 30 is intended 
to penetrate soft tissue surrounding the obturator 
instrument 28 in response to pushing or twisting 
forces applied at the proximal end 34. 

The proxima 1 end 3 4 carr ies an enlarged 
fitting 50. The fitting 50 tapers from a larger 
diameter to a smaller diameter in the direction of 
the proximal end 34. Like the tapered flange 40 on 
the obturator instrument 28, the tapered fitting 50 
has an array of circumferentially spaced teeth 52. 
The tapered fitting 50 of the cannula instrument 30 
possesses a larger maximum outer diameter than the 
maximum outer diameter of the tapered flange 40 of 
the obturator instrument 28. 

The cannula instrument 30 includes measured 
markings 118 along its length (see Fig. 3) . The 
measured markings 118 gauge the depth of insertion. 
The markings 118 can be placed, for example, at one 
centimeter intervals. As Fig. 3 shows, the markings 
118 can be consecutively numbered, beginning at the 
distal end 36, so that the physician can ascertain 
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the insertion depth at a glance. 

»• The Drin Bit instrument 

The instrument 32 functions a6 a drill bi* 
The drill bit instrument 32 has generally the 
Physical dimensions as «,„ ^ 9eneraUy tne s «e 
Lik» fx obturator instrument 28 

Like the obturator instrument 28 , ^ 
instrument 32 is intended( ^ J £* 

r ationai * oveinent — «- 

lumen 46 of the cannula instrument 30. 

The distal e „d 36 of the drill bit 
instrument 32 includes machined cutting edges 54 In 
use the cutting edges 54 are intended ^to pene^te 

s s= tun; s.™ - ~- 

drill * + Proximal end 34 of the 

01111 b ^t instrument 32. 

The proximal end 34 presents * «. 

airection of the proximal end 34 th* 
tapered fi ange 56 of ^ ^ ^ ^ ^ 

on the driTl h ? "mentation of the teeth 58 
form / instrument 32 correspond to the 

form and orientation of i-h» ^ 

E. The Handle 

The group includes a handle 60. The handle 
0 engages the functional instruments 28 , 30 ^ 
xn a removable, slip f it fasnion tQ ^ ' < a » d ^ 2 
" Ban ^tin g the instruments during use 

rigid Bl J? handle 60 " fr ° n a "° lded « cast 

shaped t h " Betal Waterial - The h ^ 60 is 
shaped to be comfortably and securely grasped by a 
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normal human hand. The shape and size to accommodate 
this function can, of course, vary. In the 
illustrated embodiment, the handle 60 is elongated 
along a main axis to fit comfortably across the palm 
of the hand. 

The handle 60 includes a center post 62, 
which is integrally molded to the handle 60 about 
its geometric center. The center post 62 extends 
downward to give the handle 60 a general T-shape. 

The handle 60 includes two interior 
cavities or sockets 64 and 66 in the center post 62. 
The sockets guide the attachment between the handle 
60 and the instruments 28, 30, and 32. The first and 
second sockets 64 and 66 are sized to present 
unique attachment sites for different functional 
instruments . 

The first socket 64 includes an array of 
circumf erentially spaced grooves 68, which, in form 
and orientation, match the teeth 42 and 58 at the 
proximal ends 34 of the obturator instrument 28 and 
the drill bit instrument 32. The first socket 64 
accepts the tapered flange 40 or 56 of either the 
obturator instrument 28 or the drill bit instrument 
32. The teeth 42 and 58 of either tapered flange 40 
or 56 mesh in a slip-fit with the grooves 68 of the 
first socket 64. The running slip-fit allows 
longitudinal force to be applied to either 
instrument 28 or 32 through the handle 60. The 
running slip- fit also prevents relative rotation 
between either instrument 28 or 32 and the f irst 
socket 64, thereby permitting torsional or twisting 
forces to be applied to either instrument 28 or 32 
by the handle 60, with an increased mechanical 
advantage . 

The second socket 66 is larger than the 
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first socket 64 and is sised to accept the laroer 

second socket 66 incinrf^ 

ntting 50. The teeth 52 of * 

• ta Pered fittina so 

mesh m a slip-fit with the grooves 70 of «, 

— « ... ^ n^ ing aur 8 Se b C 0 t 
longitudinal and torsionai forces to be ™ 

with increased mechanical advantage. 

As shown in phantom lines in Fig. 3 a fir«=<- 

Pass the gui de pin inBtrument 2f> ^ ? » to 
Likewise, as also shown in phantom lines in 

of ^h ^ 8 ; C ° nd PaSS39e 74 6XtendS the top 

into the ^ « nt - ~* «, and 

into the second socket 66. The passage 74 " 

ins ::ii: t a orrdrur: 8 " 6 either ° bt — 

Fig. 14,. U1 blt lnst ^nt 32 (see 

found ■ rarth " detaUS ° f the handle 60 can be 

found in copending U.S. Patent • 

Ho. 09/014 .. Application serial 

"A siH w't b ' JanUarY 1998 ' and titled 

* SllP " Flt Handle f ° r Hand-Held Instruments that 
Access Interior Body Regions." 

Further details regarding the use of the 



II. The cavity Forming Instrument 

As Fig. 4A shows, the group 16 includes an 
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instrument 76, which is deployed through the cannula 
instrument 30 to a location inside bone (see Fig. 
20) . When so deployed, the instrument 76 serves to 
form a cavity in cancellous bone. 

The instrument 76 can be constructed in 
various ways. In the illustrated embodiment, the 
instrument 76 includes a flexible catheter tube 78 
having a proximal end 80 and a distal end 82. The 
proximal end 80 carries a handle grip 84 to 
facilitate gripping and maneuvering the catheter 
tube 78. The materials for the catheter tube 78 are 
selected to facilitate its advancement through the 
cannula instrument 30. The catheter tube 78 can be 
constructed, for example, using standard flexible, 
medical grade plastic materials, like vinyl, nylon, 
polyethylenes, ionomer, polyurethane, and 
polyethylene tetraphthalate (PET) . The catheter 
tube 78 can also include more rigid materials to 
impart greater stiffness and thereby aid in its 
manipulation. More rigid materials that can be used 
for this purpose include stainless steel, nickel- 
titanium alloys (Nitinol™ material) , and other metal 
alloys. 

The distal end 82 of the instrument 76 
carries an expandable structure 86. In the 
illustrated embodiment, the expandable structure 86 
is made from a polyurethane or an elastomer (e.g., 
silicone or nylon) material. The structure 86 has 
been preformed to possess a desired shape by 
exposure to heat and pressure r e.g., through the use 
of conventional thermof orming techniques. 

As Pig. 4B shows, the catheter body 78 
includes an interior lumen 88, which communicates 
with the interior of the structure 86. A fitting 90 
on the proximal end 80 of the catheter tube 78 (see 
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selected to optimize the formation of a cavity that, 
e.g., when filled with a suitable material, provides 
support across the region of the bone being treated. 

As one general guideline, in cases where 
the bone disease causing fracture (or the risk of 
fracture) is the loss of cancellous bone mass (as in 
osteoporosis) , the selection of the expanded shape 
of the structure 86 inside bone should take into 
account that from 30% to 90% of the cancellous bone 
volume should be compacted. Another general 
guideline is the amount that the targeted fractured 
bone region has been displaced or depressed. The 
expansion of the structure 86 within the cancellous 
bone region inside a bone can elevate or push the 
fractured cortical wall back to or near its anatomic 
position occupied before fracture occurred. 

In the illustrated embodiment (see Fig. 
4A) , the structure 8 6 possesses a preformed hour- 
glass or peanut shape. This shape is selected in 
contemplation of deploying the structure 86 in a 
vertebral body, as will be described in greater 
detail later. 

To facilitate deployment of the structure 
86 through the cannula instrument 30, the catheter 
tube 78 includes a second interior lumen 94 . The 
lumen 94 extends from a second fitting 98 on the 
proximal end 80 of the catheter tube 78, through the 
body of the cannula tube 78 , and through the 
interior of the structure 86 to the tip end 172 of 
the structure 86. The lumen 94 receives a generally 
stiff stylet 96, which can be made from a molded 
plastic or stainless steel material. The stylet 96 
is inserted through the fitting 98 into the lumen 
94 , . and includes a threaded coupling 100 to secure 
the stylet 96 against movement. The presence of the 
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The group 18 includes instruments 104, 106, 
and 108 which serve to convey and compact a selected 
material inside the cavity formed by the structure 
5 86. The material in the cavity provides a desired 
therapeutic result, e.g., replacement of tissue 
mass, or renewed interior support for the bone, or 
the delivery of medication, or combinations thereof. 
Accordingly, the material to perform this function 
10 can be selected from among, e.g., a material that 
sets to a hardened condition, including bone cement, 
autograft tissue, allograft tissue, synthetic bone 
substitute, as well as a medication, or combinations 
thereof . 

15 in the illustrated embodiment, the group 18 

comprises material injection instruments 104 and 106 
and a material tamping instrument 108, which deliver 
material at a low delivery pressure, i.e., a 
pressure no greater than about 360 psi. 

20 A. Low Pressure Material Injection 

Instruments 
In the illustrated embodiment, the material 
is injected by use of a conventional syringe 104, to 
which a specially designed injection nozzle 106 is 

25 coupled. A manual actuated syringe with a push 
plunger can be used. Alternatively, a LeVeen 
Inflation Syringe with threaded plunger can be used, 
which can be actuated manually or by use of a 
mechanical actuator. 

30 In the illustrated embodiment, the syringe 

104 is made from a clear plastic material. The 
syringe 104 includes a chamber 110, which receives 
the material to be injected. The material is 
expressed from the chamber 100 by a manually 

35 advanced syringe piston 112 (see also Fig. 25) . 
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material, can carry at least one radiopaque marker 
208, to enable remote visualization of the nozzle 
position within the body. The syringe 104 ejects a 
predetermined volume of material into the nozzle 106 
in a low pressure stream into the cavity. As the 
material fills the cavity, the nozzle (still 
ejecting material) is retracted from the cavity and 
into the cannula instrument 30 itself. Further 
details of this function and result will be provided 
later. 

B. The Material Tamping Instrument 

The group 18 also includes a material 
tamping instrument 108. The tamping instrument 108 
is made from generally rigid, inert plastic or metal 
material. The tamping instrument 108 is also sized 
to be advanced into the cannula instrument 30 (see 
Fig. 30) . The free end 124 of the tamping instrument 
108 is ribbed or contoured to facilitate gripping 
the instrument 108 during use. 

The tamping instrument 108 includes 
measured markings 122 along its length. The markings 
116 can be placed, for example, at one centimeter 
intervals, to correspond with the markings 118 on 
the cannula instrument 30, so that the relative 
position of the tamping instrument 108 within the 
cannula instrument 30 can be gauged. Like the nozzle 
106, the markings 122 on the tamping instrument 108 
includes a set point 178, which indicates when the 
distal end of the tamping instrument 108 aligns with 
the distal end 36 of the cannula instrument 30. Also 
like the nozzle 106, the markings 122 on the tamping 
instrument 108 are consecutively numbered with 
positive numbers proximal ly of the set point 178 and 
with negative numbers distally of the set point 178. 
The physician is thereby able to tell at a glance 
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kit 12 includes an inner wrap 130, which is 
peripherally sealed by heat or the like, to enclose 
the tray 126 from contact with the outside 
environment. One end of the inner wrap includes a 
conventional peal-away seal 132, to provide quick 
access to the tray 126 at the instant of use, which 
preferably occurs in a sterile environment, such as 
within an operating room* 

When packaged as a sterile assembly, the 
kit 12 also includes an outer wrap 134, which is 
also peripherally sealed by heat or the like, to 
enclosed the inner wrap 130. One end of the outer 
wrap includes a conventional peal-away seal 136, to 
provide access to the inner wrap 130 and its 
contents. The outer wrap 134 can be removed from 
the inner wrap in anticipation of imminent use, 
without compromising sterility of the contents of 
the kit 12. 

As Fig. 2 shows, each inner and outer wrap 
130 and 134 includes a peripherally sealed top sheet 
138 and bottom sheet 140. In the illustrated 
embodiment, the top sheet 138 is made of transparent 
plastic film, like polyethylene or MYLAR® material, 
to allow visual identification of the contents of 
the kit 12. The bottom sheet 140 is made from a 
material that is permeable to ETO sterilization gas, 
e.g. f TYVEK® plastic material (available from 
DuPont) . 

In the illustrated embodiment, the tray 126 
presents the instruments groups 14, 16, and 18 in an 
ordered, organized layout, which is arranged to aid 
the physician in carrying out the intended 
procedure. For example, the layout of the tray 126 
can present the instruments groups 14, 16, and 18 in 
top-to-bottom order, according to sequence of 
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intended use. For example, in a typical bone access 
procedure (as will be demonstrated in greater detail 
later,, the stylet 22 a „d stylus 24 of the spinal 
needle assembly 20 are deployed first, followed by 
the guide pin instrument 26, followed by the 
obturator instrument 28, then the cannula instrument 
30, then the drill bit instrument 32, then the 
cavity forming instrument 76, then the syr i nge 104 
and nozzle io 6 instruments, and lastly the tamping 
instrument 108. Accordingly, the tray 126 packages 
these instruments and components in a top-to-bottom 
order, with the spinal needle assembly 20 topmost, 
the guide pin instrument 26 next, the obturator 
instrument 28 next, and so on, with the tamping 
instrument 108 lowermost on the tray 126. 

in this layout, the handle 60 is packaged 
to the side of the access instrument group 14. The 
txay 126 can include wittM iafceis 

identifying the components contained in the kit 12. 

The kit 12 also preferably includes in the 
tray i 26 directions 144 for using the contents of 
the kit 12 to carry out a desired procedure. ^ 
exemplary procedure which the directions 144 can 
describe will be explained later. 

When packaged as a sterile assembly, the 
directions 144 can also include the statement -For 

affirm 6 T'T °" ^ ( " —■•»»*• *»W> to 

affirmatively caution against reuse of the contents 

of the kit 12 whose performance characteristics and 
efficacy degrade after a single use. The spinal 
needle assembly 20, the cavity forming instrument 
76, and the material introducing instruments 104 
106, and 108 should, for these reasons, be used bu^ 
a single time and then discarded. The directions 14 4 
also preferably affirmatively instruct against 
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resterilization of at least these contents of kit 
12, and also instructs the physician to dispose of 
at least these contents of the kit 12 upon use in 
accordance with applicable biological waste 
procedures . 

The presence of the instrument groups 14, 
16, and 18 packaged in the sterile kit 12 verifies 
to the physician that the contents are sterile and 
have not been subjected to prior use. The physician 
is thereby assured that the instrument groups meet 
established performance and sterility 
specifications . 

It should be appreciated that the various 
instruments contained in the kit 12 can be packaged 
into several, smaller functional kits. For example, 
a first kit can package the access instrument group 
14, a second kit can package the cavity forming 
instrument group 16, and a third kit can package the 
material introduction instrument group 18. Figs- 1 
and 2 illustrate one of many different possible 
embodiments . 

V. Illustrative Use of the system 

The following describes use of the 
instrument groups 14, 16, and 18 packaged in the kit 
12 in the context of treating bones. This is 
because the instruments of the groups 14, 16, and 18 
can be advantageously used for this purpose. Still, 
it should be appreciated that one or more of the 
instrument groups, used alone or in association with 
other instruments, can perform other diagnostic or 
therapeutic functions in other interior regions of 
the body. 

In particular, the instrument groups 14, 
16 , and 18 will described with regard to the 
treatment of human vertebra. It should be 
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through soft tissue down to and into the targeted 
vertebra 146. The physician will typically 
administer a local anesthetic, for example, 
lidocaine, through assembly 20. In some cases, the 
physician may prefer other forms of anesthesia. 

The physician directs the spinal needle 
assembly 20 to penetrate the cortical bone 150 and 
the cancellous bone 152 of the targeted vertebral 
body 148. Preferably the depth of penetration is 
about 60% to 95% of the vertebral body 148. 

Fig. 8 shows gaining access to cancellous 
bone through the side of the vertebral body 148, 
which is called postero-lateral access. However, 
access may be indicated through a pedicle 160, which 
is called transpedicular access. The type of access 
is based upon the objectives of the treatment or for 
other reasons, based upon the preference of the 
physician. 

As Fig. 9 shows, after positioning the 
spinal needle assembly 20 in cancellous bone 152, 
the physician holds the stylus 24 and withdraws the 
stylet 22. The physician acquires the guide pin 
instrument 26 from the tray 126. As Fig. 10 shows, 
while still holding the stylus 24, the physician 
slides the guide pin instrument 2 6 through the 
stylus 24 and into the cancellous bone 152. The 
physician now removes the stylus 24 (see Fig. 11) , 
leaving the guide pin instrument 26 deployed within 
the cancellous bone 152. 

The physician next acguires the obturator 
instrument 28 and the handle 60 from the tray 126. 
The physician slides the obturator instrument 28 
over the guide pin instrument 26, distal end first. 
The physician slides the guide pin instrument 26 
through the first passage 72 and the first socket 64 
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of handle 60. As Fia is „v,„„ 

slides the handle 60 along the guide pin instrument 
26 toward the tapered flange 40 of the obturator 
instrument 28, until achieving a running slip-fit 
between the first socket 64 and the tapered flange 
40, m the manner previously described. The 
obturator instrument 28 i s now ready for use. 

As Fig. 12 shows, the physician makes a 
—11 incision I in the patient's back. The 
Physician twists the handle 60 while applying 
longitudinal force to the handle 60. i„ response, 
the surface 38 of the obturator instrument 28 
rotates and penetrates soft tissue ST through the 
incision i. The physician may also gently tap the 
handle 60, or otherwise apply appropriate additional 
longitudinal force to the handle 60, to advance the 
obturator instrument 28 through the soft tissue 
along the guide pin instrument 26 down to the entry 
site (see Pig. 13 , . The physician can also ^ 

handle 60 with an appropriate striking tool to 
advance the surface 30 nf fk. „ W4 _ 

e 30 of ***** obturator instrument 
28 into the side of the vertebral body 148 to secure 
its position (as Fig. 13 sh ows) . 

The physician next slides the handle 60 
along the guide pin instrument 26 away from the 
obturator instrument 28 to disengage the tapered 
flange 40 from the first socket 64. The physician 
then proceeds to slide the handle 60 completely off 
the guide pin instrument 26. 

The physician acquires the cannula 
instrument 30 from the tray 126. As Fig. 14 shows, 
the physician slides the cannula instrument 30 over 
the guide pin instrument 26, distal end first, and 
further, over the obturator instrument 28, until 
contact between the end surface 48 and soft tissue 
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tissue ST. The physician now slides the guide pin 
instrument 26 and obturator instrument 26 through 
the second passage 74 and second socket 66 of the 
handle 60. The physician slides the handle 60 toward 
the tapered fitting 50 of the cannula instrument 30 
until a running slip-fit occurs between the second 
socket 66 and the tapered fitting 50, as previously 
described. The cannula instrument 30 is now ready 
for use. 

As Fig. 14 shows, the physician applies 
appropriate twisting and longitudinal forces to the 
handle 60, to rotate and advance the cannula 
instrument 30 through soft tissue ST along the 
obturator instrument 28. As Fig. 15 shows, when the 
end surface 48 of the cannula instrument 30 contacts 
cortical bone, the physician can appropriately tap 
the handle 60 with a striking tool to advance the 
end surface into the side of the vertebral body 148 
to secure its position. 

As Fig. 16 shows, the physician now 
withdraws the obturator instrument 28, sliding it 
off the guide pin instrument 26. This leaves the 
guide pin instrument 26 and the cannula instrument 
30 in place, as Fig. 17 shows. The physician next 
slides the handle 60 along the guide pin instrument 
26 away from the cannula instrument 30 to disengage 
the tapered fitting 50 from the second socket 66. 
The physician then slides the handle 60 completely 
off the guide pin instrument 26. 

The physician now acquires the drill bit 
instrument 32 from the tray 12 6. As Fig. 18 shows, 
the physician slides the drill bit instrument 32 
over the guide pin instrument 26, distal end first, 
through the cannula instrument 30 until contact 
between the machined surface 54 and bone tissue 
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vertebral body 148, as Fig- 21 also shows. The 
structure 86 is in its normally collapsed and not 
expanded condition during deployment. The stylet 96 
or 102 is inserted in the lumen 94 of the catheter 
tube 78 to provide added stiffness to the structure 
86 while being passed through the cannula instrument 
30. 

As shown in phantom lines in Fig. 20, the 
physician can, if desired, reconnect the handle 60 
to the cannula instrument 30, to help stabilize the 
cannula instrument 30 while deploying the structure 
86. The second passage 74 of the handle accommodates 
the catheter tube 78 and the structure 86, when 
collapsed. 

As Fig. 21 shows, the structure 86 is 
oriented in the desired way in the passage 166. As 
before explained, the bent stylet 102 can aid in 
this task. Before, during, or after the orientation 
process, the stylet 96 or 102 can be withdrawn (as 
Fig. 21 shows) , to open the lumen 94 for use to pass 
a rinsing liguid or negative aspiration pressure. 

Sterile liguid is conveyed under pressure 
from the source 92 through the lumen 88 into the 
structure 86. As Fig. 22 shows, the structure 86 
expands inside bone. Expansion of the structure 86 
compresses cancellous bone 152 in the vertebral body 
148. 

The compression forms an interior cavity 
168 in the cancellous bone 152. As Fig. 23 shows, 
subsequent collapse and removal of the structure 86 
leaves the cavity 168 in a condition to receive a 
filling material. 

The compaction of cancellous bone 152 can 
also exert interior force upon cortical bone, making 
it possible to elevate or push broken and compressed 
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The physician operates the syringe 104 to 
expel the cement material 170 from the chamber, 
through the nozzle 106 # first into the cavity and 
then into the cannula instrument 30. Typically, at 
the end of the syringe injection process, material 
170 should extend from the cavity and occupy about 
40% to 50% of the cannula instrument 30. 

When a desired volume of cement is expelled 
from the syringe 104, the physician withdraws the 
nozzle 106 from the cannula instrument 30, as Fig. 
29 shows. The physician may first rotate the 
syringe 104 and nozzle 106, to break loose the 
material 170 in the nozzle 106 from the ejected 
bolus of material 170 occupying the cannula 
instrument 30. 

The physician acquires the tamping 
instrument 108 from the kit 12. As Fig. 30 shows, 
the physician advances the tamping instrument 108 
through the cannula instrument 30. As phantom lines 
in Fig. 30 show, the handle 60 can remain attached 
to the cannula instrument 30 to provide stability, 
as the second passage 74 of the handle accommodates 
the tamping instrument 108 . 

The distal end of the tamping instrument 
108 contacts the residual volume of cement material 
170 in the cannula instrument 30. As Figs. 30 and 31 
show, advancement of the tamping instrument 108 
displaces progressively more of the residual 
material 170 from the cannula instrument 30, forcing 
it into the cavity 168. The flow of material 170 
into the cavity 168, propelled by the advancement of 
the tamping instrument 108 in the cannula instrument 
30, serves to uniformly distribute and compact the 
material 170 inside the cavity 168, without the 
application of undue pressure. 
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the tamJT ° f Syrin9e 104 ' n °" le and 

«ertZcL lnS T ent 108 all ° WS »Wcl« to 

exert precise control when fiin„r, +u 

oy the syringe 104 and *->w> ^ FF iea 

allow, the physici a „ to ^ inStrU » ent 

leakage of material 170 outsi(Je £ « 

significantly reduced. 7 18 

material JT h tIW J iW ' l0taB 18 SatlSfie * that the 

inst^e" 108 Lft 5 ; n WithdraWS ^ 

■ CannUla ins trument 30. The 

Phys 1Cia „ preferably f irst ^ °" Th ° 

instrument 108 to cleanlv T P1 " 9 

serial 170. The handi. fi o With the 

/o- The handle 60 can now be removed and 

the cannu la instrument 30 withdrawn, ae , £ 
shows. The incision site is sutured closed. The bone 
treatment procedure i s concluded. 

Eventually the material i 70 if „ 

The selected material 170 can h» 

Bone ** 
Paste rr,' " S ^'* 
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Suraerv (1986), 105: 235-238, or in pellet form, as 
described by Bhan et al, "Percutaneous Bone Grafting 
for Nonunion and Delayed Union of Fractures of the 
Tibial Shaft, " International Orthopaedics (SICOT1 
(1993) 17: 310-312, both of which are incorporated 
herein by reference. Alternatively, the bone graft 
tissue can be obtained using a Bone Graft Harvester, 
which is commercially available from SpineTech. 
Using a funnel, the paste or pellet graft tissue 
material is loaded into the cannula instrument 30, 
The tamping instrument 108 is then advanced into the 
cannula instrument 30 in the manner previously 
described, to displace the paste or pellet graft 
tissue material out of the cannula instrument 30 and 
into the cavity. 

The selected material 170 can also comprise 
a granular bone material harvested from coral, e.g., 
ProOsteon™ calcium carbonate granules, available 
from Interpore. The granules are loaded into the 
cannula instrument 30 using a funnel and advanced 
into the cavity using the tamping instrument 108. 

The selected material 170 can also comprise 
demineralized bone matrix suspended in glycerol 
(e.g. , Grafton™ allograft material available from 
Osteotech) , or SRS™ calcium phosphate cement 
available from Novian. These viscous materials, 
like the bone cement previously described, can be 
loaded into the syringe 104 and injected into the 
cavity using the nozzle 106, which is inserted 
through the cannula instrument 30 into the cavity. 
The tamping instrument 108 is used to displace 
residual material from the cannula instrument 30 
into the cavity, as before described. 

The selected material 170 can also be in 
sheet form, e.g. Collagraft™ material made from 
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bone sheet can be rolled into . tube and 

loaded by han d into the cannula instrument 30 . £ 
tampxng instrument 108 is then advanced through the 
cannula instruct, to push and compact the materi^ 
in the cavity. 

VI. Alternative Embodiments 

• , The use of low pressure deliv «y of 

-tenal 170 frees the system 10 from the nled to 
accomodate relatively large dieter, high pressure 
^livery devices. The interior , P « 

cannula instrument 30 can be downsized according^ 
thereby minimizing tte diaensions 
subcutaneous pathway to gain access to +h * 
bone region. ^ tar 9 et ed 

Typically, „ hen lcw 
» ect i0 n instruments are used, the largest to" 

a«l ;; edUCed " diameter MnnUla ^rument must 
accommodate is the expandable cavity-formina 
structure 82 . The structure „ * * = 

and i^ ; rin9 depl0y " ent < - * can be collapsed 

Zt'n 1 , ' a lubricous coatin * -y 

appHed to the exterior of the structure 82 to 

IZT'' P3SSage thr ° U9h «» —^iait: r 
cannula instrument. 

*• low Pressure Material Injection 
Instruments 

inW Fi9 ' " eXeB,plifies 1o " Pressure material 
infection instruments 180 and 182 ths ,i- <= 

Ration with a cannula i^rumeTi I" 
r interi ° r ' oniy about 3. 4 ^ 



One instrument i 80 comprises a reduced- 
diameter nozzle. As Pio u reauced- 

sieed to pass through the reduced-diameter 
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cannula instrument 184, to thereby pass into bone in 
the manner previously shown in Fig. 26. The reduced- 
diameter nozzle 180 connects by a threaded connector 
186 to the syringe 104. For material strength, 
despite its reduced dimension, the nozzle 180 is 
preferably formed from a rigid metal material, e.g., 
stainless steel. 

As Fig. 33 shows, the reduced-diameter 
nozzle 180 also includes measured markings 188 along 
its length, as previously described. The markings 
188 include a set point 190, as previously 
described, which aligns with the proximal end of the 
cannula instrument 184 when the distal ends of the 
cannula instrument 184 and the nozzle 180 align. 

The other reduced diameter instrument 182 
comprises a stylet, which is sized to pass through 
the interior bore of the nozzle 180. The stylet 182 
includes a handle 192, which rests on the proximal 
connector 186 of the nozzle 180 when the stylet 182 
is fully inserted into the nozzle 180. When the 
handle 192 is rested, the distal ends of the stylet 
182 and nozzle 180 align. The presence of the stylet 
182 inside the nozzle 180 closes the interior nozzle 
bore. 

In use, the nozzle 180 is coupled to the 
syringe 104 and inserted through the cannula 
instrument 184 into the material -receiving cavity 
168 formed in cancellous bone, in the same manner 
shown in Fig. 26. Material in the syringe 104 is 
injected at low pressure through the nozzle 180 into 
the cavity 168. As before explained, as the cavity 
168 progressively fills with material, the nozzle 
180 is withdrawn back into the cannula instrument 
184. Typically, when the injection of material is 
completed, material extends from the cavity 168 and 
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::; upies *-* 4o% <• « - «- oannula inBtruaent 

withdrawn^ 8 «- —l. "0 can „. fully 

-threaded £ ^ »4 J 

- ad v anced into ^ZZ\lZ stylet 182 oan 

- - ~* against ^ ::r c 0 r\7 " e 

clearing residual material from ^ 

stylet 182 disDla. d n ° Z2le 180 «* 

displace residual material * 
cannula instrument i 84 into " aterial fr °» the 
orally the same maler as T *» 

-erial within ^ ^ J~ 

fashion and without undue P re 8sure * 0aBtWU " 

Alternatively, a sin«i^ • 
instrument, separate fro- „ h lngle_piece *«Ping 
P-vided, downsize/ to Tit IT" 1 * ^ ^ 

C»vity Forming Instrument 

»4 inte/dld to m ^ ^ inSt — t 
cannula ZSTj"^ ~ 

In many respects th« ■ . ln Fi? ' 33 • 

pecrs ' the instrument 19 l \~ 
instrument 76 n reui , 4 ls li,ce the 

u=«™»n t 1M lnclMm ™^»' •»«.«.. a. 
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proximal end 80 carries a handle grip 84, and the 
distal end 82 carries an expandable structure 86, 
which, when deployed in bone, compacts cancellous 
bone and forms the cavity 168. 
5 Unlike the previously-described instrument 

76, the instrument 194 carries an introducer sleeve 
196. The introducer sleeve 196 slides along the 
catheter tube 78 between the handle grip 84 and the 
expandable structure 86. The introducer sleeve 196 

10 includes a tubular main body 198 with a forward 
collar 200 and a rear collar 202. 

The introducer sleeve 196 normally occupies 
an advanced position on the instrument 194, as shown 
in Fig. 35. In this position, the main body 198 

15 overlies and surrounds the expandable structure 86. 

The main body 198 is sized to compress the structure 
86 to an outside diameter that is slightly less than 
the interior diameter of the reduced-diameter 
cannula instrument 184 . 

20 As Fig. 35 shows, when the introducer 

sleeve 196 occupies the advanced position, the 
forward collar 200 extends beyond the distal end of 
the compressed expandable structure 82. As Fig. 36 
shows, in this position, the forward collar 200 

25 presents itself for engagement with the proximal end 

204 of the cannula instrument 184. The forward 
collar 200 is sized to have an interior diameter 
that makes friction- fit engagement about the 
proximal end 204 of the cannula instrument 184. 

30 As Fig. 36 shows, when it is time to deploy 

the expandable structure 86 through the cannula 
instrument 184 , the physician engages the forward 
collar 200 of the introducer sleeve 196 in a 
friction fit about the proximal end 204 of the 

35 cannula instrument 184. As Fig. 37 shows, advancing 
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into the bore of th SUeVe 196 an « 

-~ :; inur^r^ i84 - The 

Proximal cannula end 7o7 al ^ 
structure 86 with ^ ^ «* the 

184 vhii* . cannula instrument 

' WiUle COB P^s S ing the structure 86 ♦„ 
•Uameter smaller than the interior * 
instrument 184 n™„ - nte "or of the cannula 

tube 78 the , , „ adVanCement «* the catheter 

™>e 7 S , the introducer sleeve i<j« 
structure 8S ii,f„ «... guides the 

ture 86 into the cannula instrument 1 94 without 
tearing or other damage. without 

Once the expandable structure • 
«« engagement .b^t „ ««, " '° »»• ■ ~P 

«— «. „ e „ ^tz i,nr — * 

engagement stabilizes i- he ^ Snap flt 

curing subsegue se /J " * ^ »« 
cavit y - f ormi„ g g instrlLt, ^^t^ « the 
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We Claim: 

into v^ 1 " instrufflent tamping material 

-to bone thresh . BUbcutaneous 9 

instrument comprising a body having . le ^' ^ 
termmus, and including makings located TorTL 
length at increments from the terminus * ^ 

2 An instrument according to claim i 
wherein the body is mart., c 
rigid material. * ° f a ^n^rally 

3 . An instrument according to claim 1 
wherein the length of «,„ k . 
than the subcutaneous patf ^ " ^ 

«• An instrument according to claim 1 
wherexn the body lncluaes flt 
radiopaque marker. ° ne 

5 - A tamping instrument can* hi ~ 

instrument comprising . body havL S^ 1 " 9 
which, durina th B - 9 3 terminu s 

' aurln 9 the advancement, uriw« ■ , 

terminus through the subcutaneous cannuTa ^ 
claims 6 ' A tMPin9 instr -^ according to 

r^d J£T ^ ^ iS — - a generally 

claim 5 7 ' * tafflPin9 inst ™»-t according to 

wherein the length of k ^ 

than the subcutaneous cannula * " ^ 

claim 5 8 ' * tanPin9 iMt ™»»»t according to 

wherein the body includes at i east on , 
radiopaque marker. one 
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9. Apparatus for delivering material into 
bone comprising 

a cannula for establishing a subcutaneous 
path into bone, and 

a tamping instrument for advancement 
through the cannula comprising a body having a 
terminus which, during the advancement, urges 
material residing in the cannula into bone. 

10. Apparatus according to claim 9 
wherein the body includes markings to 

visually gauge the advancement of the terminus 
through the cannula. 

11. Apparatus according to claim 9 
wherein the cannula has a length, and 
wherein the length of the tamping 

instrument exceeds the length of the cannula. 

12. Apparatus according to claim 11 
wherein the body includes a set point 

marking spaced from the terminus at a distance 
generally equal to the length of the cannula. 

13. Apparatus according to claim 12 
wherein the body includes at least one 

additional marking to visually gauge advancement of 
the terminus through the cannula. 

14 . Apparatus according to claim 9 
wherein the body includes at least one 

radiopaque marker. 

15. Apparatus according to claim 9 
wherein the body is made of a generally 

rigid material. 

16. Apparatus according to claim 9 

and further including a cavity forming 
instrument for advancement through the cannula into 
bone for compressing cancellous bone. 

17 . Apparatus according to claim 16 
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a cannula, 

ha v ing . ur s : 9 an r rument coaprisi - * 

a ». th ^ inStrUCti ° ns f ° r the kit according to 

a method comprising the steps of 

19. An assenibly according tQ olaiia 

wherein the body has a l . 
martin , ynasa length and includes 

21 t 9 ° atBd al ° ng the len ^th at increments from 
the terminus to gauge advancement of the T 
through the cannula. ° f the te ™« 

20. An assembly according to claim 18 
wherein th e body includes 

radiopaque marker. one 

21. An assembly according to claim 18 
and further including a cavitv fml 

instrument to compress cancellous bone * 

22. An assembly according to claim 21 
wherein the cavitv f=o™,<„ 

inelii,*~„ " y forming instrument 

includes an expandable structure. 

23. An assembly according to claim 21 

step of 77 in meth0d fUrth6r C °^i-s the 

step of deploying the cavitv formi™ • . 
through the cannula «-„ f °"»mg instrument 

fm cannula to compress cancellous bone and 

form a cavity, and d 
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wherein the introducing and advancing steps 
introduces material into the cavity. 

24. Apparatus for introducing material 
into bone through a subcutaneous cannula, the 
apparatus including a delivery device to convey the 
material at a delivery pressure of no greater than 
about 360 psi, and a nozzle instrument capable of 
advancement through the subcutaneous cannula into 
bone and comprising a proximal fitting to couple the 
nozzle instrument to the delivery device and a 
nozzle terminus through which the material conveyed 
by the delivery device enters bone at the delivery 
pressure . 

25. Apparatus according to claim 24 
wherein the nozzle instrument is made of a 

generally flexible material. 

26. Apparatus according to claim 24 
wherein the nozzle instrument is made of a 

generally rigid material. 

27. Apparatus according to claim 24 
wherein the delivery device comprises a 

syringe. 

28. Apparatus according to claim 24 and 
further including a tamping instrument capable of 
advancement through the subcutaneous cannula and 
having a tamping terminus which, during the 
advancement, urges material residing in the 
subcutaneous cannula into bone. 

29. Apparatus according to claim 28 
wherein the tamping instrument includes 

markings to visually gauge the advancement of the 
tamping terminus through the subcutaneous cannula. 

30. Apparatus according to claim 28 
wherein the tamping instrument includes at 

least one radiopaque marker. 
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31. Apparatus according to claim 28 
wherein the taking instrument is fflaae of 

a generally rigid material. 

32. Apparatus according to claim 24 
wherein the nozzle instrument include 

-* ngs to visually ^ ^ J e J n ^ 

noz 2le terminus through the subcutaneous C 

33. Apparatus according to claim 24 

least WhSrein n ° Z2le instru »^t includes at 
least one radiopaque marker. 

furt -H " ' APParatUS ac «rding to cUim 24 ^ 

apit rT n9 a cavity to ™ in * ™^ 

ITu! to a<JVanCeB,ent the subcutaneous 

cannula to compress cancellous bone. 

35. Apparatus according to claim 34 

include. Wherei " ° aVity f0rfflin * instrument 

includes an expandable structure. 

36. An assembly of items for introdur*™ 
material into bone comprising Producing 

a cannula, 

a delivery device having an actuator ^ 

convey material * * t actuator to 
y material at a delivery pressure of no greater 

than about 360 psi, neater 

through Lr Zle j ; nStrUBent Ca P able of advancement 
trough the cannula into bon P 

proximal fitting to couple the I T C<MlpriSin * * 
i-h. * , . couple the nozzle instrument to 

the delivery device and a „ 02z i e terminus, and 

a meth,v, lnStrUCti ° ns f ° r the Kit according to 

a method comprising the steps of 

deploying the cannula to estabUch = 
subcutaneous path into bone, and * 

actuating the delivery device to 
convey material at the deli to 
t . delivery pressure through the 

nozzle terminus into bone. 

37. An assembly according to claim 36 and 
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further including a tamping instrument capable of 
advancement through the cannula having a tamping 
terminus , and 

wherein the method further includes the 
step of advancing the tamping terminus through the 
cannula to urge material residing in the cannula 
into bone. 

38. An assembly according to claim 37 
wherein the tamping instrument includes 

markings to visually gauge the advancement of the 
tamping terminus through the cannula. 

39. An assembly according to claim 37 
wherein the tamping instrument includes at 

least one radiopaque marker. 

40. An assembly according to claim 36 
wherein the nozzle instrument includes 

markings to visually gauge the advancement of the 
nozzle terminus through the cannula. 

41. An assembly according to claim 36 
wherein the nozzle instrument includes at 

least one radiopaque marker. 

42. An assembly according to claim 36 
wherein the delivery device comprise a 

syringe. 

43. An assembly according to claim 36 and 
further including a cavity forming instrument to 
compress cancellous bone. 

44. An assembly according to claim 43 
wherein the cavity forming instrument 

includes an expandable structure. 

45. An assembly according to claim 43 
wherein the method further comprises the 

step of deploying the cavity forming instrument 
through the cannula to compress cancellous bone and 
form a cavity, and 
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wherein the actuating step conveys material 
into the cavity. 

46. A tool for deployment into bone 
comprising 

a catheter tube having a distal region, 
an expandable structure carried by the 
distal region for compacting cancellous bone, and 

an introducer sleeve slidably carried by 
the catheter tube for movement between a retracted 
position spaced from the expandable structure and an 
advanced position overlying the expandable 
structure, the introducer sleeve including 

a tubular main body dimensioned to 
compress the expandable structure when the 
introducer sleeve is in the advanced position, and 
a collar extending beyond the distal 
region of the catheter tube when the introducer 
sleeve is in the advanced position, the collar being 
dimensioned larger than the tubular main body to 
releasably engage an end of a cannula, whereby the 
introducer sleeve both sizes and aligns the 
expandable structure for passage into the cannula 
through the end of the cannula. 

47. A tool according to claim 46 
wherein the catheter tube includes a 
proximal region having a stem, and 

wherein the introducer sleeve includes a 
second collar extending from the main tubular body 
opposite to the first-defined collar, the second 
collar being dimensioned to releasably engage the 
stem when the introducer sleeve is in the retracted 
position. 

48. a tool according to claim 47 
wherein the proximal region includes a 
handle adjacent to the stem. 



WO 00/09024 



PCT/US99/16289 



49. A tool according to claim 46 
wherein the catheter tube includes a 

proximal region having a handle, and 

wherein the introducer sleeve includes a 
5 second collar extending from the main tubular body 
opposite to the first-defined collar, the second 
collar being dimensioned to releasably engage the 
handle when the introducer sleeve is in the 
retracted position. 

50. Apparatus for introducing material 
into bone through a subcutaneous cannula, the 
apparatus including a delivery device to convey the 
material at a delivery pressure of no greater than 

5 about 360 psi, a nozzle instrument capable of 

advancement through the subcutaneous cannula into 
bone and comprising a proximal fitting to couple the 
nozzle instrument to the delivery device and a 
nozzle bore through which the material conveyed by 

10 the delivery device enters bone at the delivery 

pressure, and a stylet capable of advancement into 
the nozzle bore through the proximal fitting to 
close the nozzle bore and, with the nozzle 
instrument, forming a tamping instrument capable of 

15 advancement through the subcutaneous cannula to urge 

residual material from the subcutaneous cannula. 

51. Apparatus according to claim 50 
wherein the nozzle instrument includes 

markings to visually gauge the advancement of the 
nozzle instrument through the cannula. 

52. Apparatus according to claim 50 
wherein the delivery device comprises a 

syringe . 

53. A method for delivering material into 
bone comprising the steps of 

deploying a cannula through soft tissue to 
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establish a subcutaneous path into bone, 

introducing a material into bone through 
the cannula, and 

advancing a tamping instrument through the 
cannula to urge material residing in the cannula 
into bone. 

54. A method according to claim 53 
wherein the introducing step delivers 

material at a pressure no greater than about 360 

psi . 

55* A method according to claim 53 
wherein the introducing step includes using 
a manual syringe. 

56. A method according to claim 53 
wherein the material comprises bone cement. 

57. A method according to claim 53 
wherein the material comprises autograft 

tissue . 

58. A method according to claim 53 
wherein the material comprises allograft 

59. A method according to claim 53 
wherein the material comprises synthetic 

bone substitute. 

60. A method according to claim 53 
wherein the material comprises medication. 

61. A method according to claim 53 
wherein the material comprises a material 

that sets to a hardened condition. 

62. A method according to claim 53 

and further including the step of deploying 
a cavity forming instrument through the cannula to 
compress cancellous bone and form a cavity, and 

wherein the introducing and advancing steps 
convey material into the cavity. 
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